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Abstract: In this study we focused on four taxa of the genus Calendula (C. maritima, C. suffruticosa
subsp. fulgida, C. arvensis, and the hybrid between the first two ones), collected in Mediterranean
area (Sicily). Six extracts for each species were obtained using solvents with increasing polarity
(hexane, ethanol 80%, acetone 70%, and water) and through extraction by supercritical fluids (SFE).
It has been observed that the solvent with the highest extraction efficiency was ethanol 80% for all
species. However, SFE extracts showed high antioxidant activity comparable to the ethanol 80%
extract (polyphenol, DPPH, and reducing power method). These findings were confirmed by in vitro
analysis (MTT assay) where it was observed that the tested concentration (24 µg/mL), obtained from
ethanol 80% and SFE extracts, showed a protective effect comparable to that induced by a synthetic
antioxidant. Extraction with SFE ensured a great selectivity by avoiding the use of toxic organic
solvents and thus consisted of a promising technique for sustainable production of Calendula extracts.
Keywords: calendulaspecies; marigold; supercritical fluidextraction; bioactivity; antioxidants; polyphenols
1. Introduction
The genus Calendula (Asteraceae) includes several species (known commonly as “Marigolds”)
that have been reported since antiquity for their therapeutic properties and/or use as ingredients in
food preparation. There is no agreement on the number of species within the genus, owing to the
high number of taxa differently considered by different authors, but recently, this number has been
proposed to be 15 [1], with several infraspecific taxa.
The most studied species within the genus is Calendula officinalis L., an ornamental and medicinal
plant, of unknown origin, usually cultivated but sometimes escaped and/or naturalized in several
regions [1]. C. officinalis extract and pure compounds isolated from different organs possess multiple
pharmacological activity, including anti-inflammatory, antioedematous, antioxidant, immunostimulant,
lymphocyte and wound healing, hepatoprotective, antimicrobial, antibacterial and antifungal,
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anti-HIV, spasmolytic and spasmogenic, genotoxic and antigenotoxic, antiviral, and anticancer [2–4].
These properties are due to the presence of secondary metabolites, such as carotenoids, polyphenols,
and flavonoids [3–5].
In particular, polyphenols represent a family of organic molecules widely distributed in the plant
kingdom. Their chemical structures are characterized by the presence of different phenolic groups,
which can be associated with more or less complex groups of chemicals, generally of high molecular
weight. The growing interest in polyphenols comes from their antioxidant potential, which is involved
in health benefits such as inflammation and cancer prevention [6,7], cardiovascular dysregulation,
and neurodegenerative diseases. Due the mechanisms involved in the production, recently, this class
was also recognized as a useful biomarker to reveal the resistance of plants and algae to environmental
conditions [8,9].
Despite a long tradition of use of some species, the genus has not been explored properly, and few
species (apart from C. officinalis) have been studied for their phytochemistry and ethnopharmacological
aspects [3,10].
In our work, we focused on the leaves of untapped wild Mediterranean species, potentially useful
as source of important molecules for potential biotechnological applications. Thus, three species and
one hybrid were investigated: Calendula maritima Guss. (CM), Calendula suffruticosa subsp. fulgida (Raf.)
Guadagno (CF), Calendula arvensis (Vaill.) L. (CA) and hybrid (CI) between the CM and CF. CM,
perennial, is endemic to Western Sicily, where it grows along the coast lines; it is one of the most
endangered species on a global scale [11]. The risk of extinction is due to direct or indirect human
actions [11–13]. CF, perennial, can be found throughout Sicily, Malta, in parts of southern mainland
Italy and Tuscany, and also in Morocco [14]. Present in various habitats (including disturbed areas
such as fallow fields and road cuts), it is not endangered, but it is supposed [14] to threaten the
populations of CM through the formation of hybrids. CA, annual, native all around the Mediterranean
area from Macaronesia to SW Asia (and introduced in other parts of the globe such as Australia and
California) [1], it grows in fields, vineyards, and waste grounds.
This species has also many uses since ancient times: CA and CM had high antioxidant activity,
whereas only few data are available regarding antioxidant potency and chemical composition of
CF and CI [15]. In any case, regardless of the species considered, the antioxidant activity could
be responsible for the effects reported, both from the phytotherapeutic traditional usages and the
scarce available literature about the bioactivity of the plants of this family (anti-inflammatory, healing,
antispasmodic) [16–21].
The taxa here investigated occur in different habitats: the rare endemic CM is linked to peculiar
coastal areas, the more opportunistic CF is able to colonize several different environments, the hybrid
CI testifies to special evolutionary events when CM and CF come into contact, and the widespread
CA is common in cultivated or disturbed areas. Ecological characteristics of a species can often
explain its different properties in terms of the production of bioactive molecules as a defence strategy
against specific, changing, or extreme environmental conditions [9]. This is why we wanted to draw
attention to antioxidants which are some of the key molecules involved in the ability of animals and
plants to adapt to environmental and climate change. Our aim was to verify whether, in the different
Calendula species analysed, collected in different areas and at the same time of the year, there was a
different ability to produce antioxidant compounds. Nowadays, the search for antioxidants is at the
forefront of research in science not only for industrial application related to health and food [22–25]
but also focusing on organisms defences strategies toward environmental changes [9]. For example,
antioxidants represent a promising solution in microbiology fields in order to fight against bacterial
resistance and appearance of new pathogen microorganisms and diseases [26,27].
The major interest of the potential application of antioxidants, not only in the pharmaceutical
industry but also as food additives, lies in their ability both to bind free radicals produced in the
human body and to their bactericidal or fungicidal action against certain pathogens. Oxygen is an
abundant element in nature and necessary for the preservation of life, but it can be fatal to human
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health, depending on the conditions and form in which it is found in cells. During respiration, it is
possible that oxygen free radicals, called ROS (reactive oxygen species), produce free radicals which,
if they do not deactivate from the endogenous mechanism, can cause significant damage to organisms
and gradually lead to their destruction [28,29].
Antioxidants are secondary metabolites, the majority of which belong to the class of phenolic
compounds, then terpenes. These substances are produced under specific conditions, depending on the
environment in which the organisms develop. Secondary metabolites are involved in the plant defence
mechanisms, conferring resistance to microorganisms and insects, and other studies link antioxidant
production to strategies adopted by organisms to adapt to changing environmental conditions and
climate change [30]. In addition, their presence is important to protect against harmful UV rays. In fact,
recent studies have shown that C. officinalis extract acts to prevent oxidative stress induced by UV
radiation on the skin [31].
Traditional extraction methods used to obtain bioactive compounds depend on the polarity of the
solvent, which qualitatively and quantitatively determines the antioxidant compounds extracted [9,32].
Supercritical fluid extraction (SFE) is an extraction method that offers greater selectivity, shorter
extraction times, and does not use toxic organic solvents [33] as compared to traditional extraction
methods [34]. The aim of this research was to assess the antioxidant power of different Calendula species
collected in Sicily, extracted using different solvents and by SFE, and to evaluate the bioactive properties
exerted in vitro, for potential biotechnological applications.
2. Materials and Methods
2.1. Materials
Potassium ferricyanide and trichloroacetic acid were bought from Carlo Erba reagents (Milano,
Italy). Hexane, ethanol, acetone, gallic acid, Folin and Ciocalteu’s phenol reagent, iron (III) chloride
(FeCl3), 1,1-diphenyl-2-picryhydrazyl (DPPH), human skin fibroblasts (Sigma®HS68), Dulbecco’s
Modified Eagle’s Medium (DMEM), foetal bovine serum, glutamine and penicillin–streptomycin were
obtained from Merck KGaA (Darmstadt, Germany).
2.2. Samples Collection, Processing, and Preparation of Plant Extract
Three of the taxa here analysed (CM, CF, CI) were collected along the coast North of Trapani in Sicily,
during the flowering period (March–September) in 2018. CA was collected near Caltanissetta province,
in Sicily, in the same period (Spring 2018). All plants were growing wild in natural populations and
were collected in three replicates. The plant specimens that were preserved as herbarium specimens
were identified using the standard references for this purpose [14]. After harvesting, the plants were
taken to the laboratory where they were processed in order to separate leaf. The leaves were dried
for 48 h at 40 ◦C, grounded into fine powders, and extracted [9]. Leaved extracts were performed by
solvents and by supercritical fluids extraction (SFE) as explained below.
2.2.1. Extraction with Solvents
The polarity of the solvent influences the extraction yield and the antioxidant activity of the
extracts. The use of different solvents is due to the nature of the polyphenols present in the
samples. The polyphenols have a different solubility, which is due to the presence of hydroxyl
groups, the molecular size, and the length of the hydrocarbons [32].
For extraction of compounds, solvents with different polarity, hexane, ethanol 80%, acetone 70%,
and water were used [9,35].
For each plant, one gram of dried leaves were transferred into a flask containing 10 mL of the
solvents (hexane, ethanol 80%, acetone 70%, and water) used for the extraction [9].The materials were
then homogenized during five minutes at 4 ◦C, using an Ultra-Turrax (IKA, Werke Staufen, Germany)
at 24,000 rpm according to a consolidated protocol [36–38]. In order to calculate the extraction yield
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(w/w), an aliquot of each extract (hexane, ethanol 80%, and acetone 70%) was evaporated in a rotary
vacuum evaporator and weighed as described by Manuguerra et al. [39]. The following Equation (1)
was used:
Yield of extract (%) = weight of extract/weight of sample × 100 (1)
The matrices extracted with water were centrifuged at 500 g for 10 min at 4 ◦C for 3 times. They
were then filtered (Whatman® qualitative filter paper, Grade 93–10 µm, Merck KGaA Darmstadt,
Germany) and freeze-dried [9].
2.2.2. Extraction with Supercritical Fluid Extraction (SFE)
The supercritical technology was applied for the extraction of phenolic compounds with
antioxidant activity from four Calendula species, using supercritical (SC)-CO2 and SC-CO2 with
co-solvents. This alternative method was compared to traditional extraction methods with different
organic solvent, in terms of yield and product quality evaluated by the antioxidant activity of the
extracts. It has been reported that SFE with CO2/EtOH was the best method used, combining extraction
yield and product quality (antioxidant activity and total phenolic compounds) [34].
A supercritical extraction unit (SFE System model HELIX, Applied Separations Allentown, PA,
USA) equipped with a CO2 pump unit and a steel vessel with a volume of 50 mL was used. Extraction
was conducted on the four species studied. 1:2 (w/w) of plant dried powder (5 g), and hydroscopic
dispersing agent (Applied Separations, Allentown, PA, USA) was placed in the extraction vessel
sandwiched with defatted glass wool forming a fixed bed in the vessel. For each species, the unit
was pressurized and the sample was kept in contact with SC-CO2 (SFE) or SC-CO2 with co-solvent
(ethanol 95%) (SFE CS) at pre-established conditions of temperature (50 ◦C) and pressure (300 bar) for
30 min in static mode [34]. These parameters are more efficient in terms of yield, as demonstrated
by Castro-Vargas et al. [34]. Dynamic extraction was carried out with a CO2 flow of 5 lpm (liter per
minute) and a co-solvent flow of 0.25 mL/min for one hour. The co-solvent was pumped through the
sample using an HPLC pump (Knauer Smartline pump 1050, Berlin, Germany). Extract was obtained
in the sample vial collector and stored at −20 ◦C.
2.3. Characterization of the Antioxidant Power
2.3.1. Total Polyphenols Contents
Total phenolics were analysed using Folin–Ciocalteu’s assay. Gallic acid was used as standard for
calibration (5–500 mg/mL) and results were expressed as mg of gallic acid equivalents (GAE) per g of
the Calendula dw [9,39,40]. Each sample was analysed in triplicate.
2.3.2. DPPH Radical Scavenging Activity
The DPPH (1,1-diphenyl-2-picryhydrazyl) radical scavenging activity of different extracts was
assessed using a slightly modified version of the method described by Bernatoniene et al. (2011):
400 µL of various concentrations (1–10 mg/mL) of the ethanolic extracts was replenished up to 2.0 mL
with 0.1 mM DPPH radical solution in ethanol [5].
After 30 min of incubation the absorbance was read against the blank at 517 nm. Gallic acid
was employed as the reference. Inhibition of DPPH free radical was calculated using the following
formula (2) and was expressed as percentage of inhibition (I%):
I% = 1 − (Asample/Ablank) × 100 (2)
where Ablank is the absorbance of the control reaction, and Asample is the absorbance of the test sample.
The inhibition values were calculated for extracts at concentrations from 1 to 10 mg/mL, and the slope
of the linear portion of each graph was used to calculate IC 50% which is the concentration when 50%
of the antioxidant is reduced [41].
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2.3.3. Reducing Power
The potency of extracts to reduce iron (III) was determined according to the method of Oyaizu
(1986). Sample solutions at different concentrations (from 0.1 to 10 mg/mL) (300 µL) were mixed
with phosphate buffer (300 µL, 0.2 M, pH 6.6) and potassium ferricyanide [K3Fe(CN)6] (300 µL, 1%);
the mixture was incubated at 50 ◦C for 20 min. 300 µL of trichloroacetic acid (10%) was added to the
mixture, prior to centrifugation at 3000 rpm for 10 min at 4 ◦C. The upper layer of solution (300 µL)
was mixed with distilled water (300 µL) and FeC13 (600 µL, 0.1%), and the absorbance was measured
at 700 nm against gallic acid as standard. Increased absorbance of the reaction mixture indicated
increased reducing power. EC50 value (mg/mL−1) is the effective concentration of the extract at which
the absorbance was 0.5, and it was obtained from linear regression analysis [39,42].
2.4. Evaluation of Bioactive Properties in Vitro
Protective Effect of Calendula Spp. Extracts in Fibroblast Cell Line HS-68 Exposed to Oxidative Stress
Human skin fibroblasts (Sigma® HS68) were cultured as monolayers in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 10% foetal bovine serum, 2 mM glutamine,
and 100 µg/mL penicillin–streptomycin and incubated in a humidified atmosphere at 5% CO2, 95% air,
and 37 ◦C. All cell culture methods were performed under sterile conditions using a grade II flow hood.
Confluent cells were trypsinized and seeded in a 96-well plate at a concentration of 7 × 103 cells/well
and incubated for 24 h. Later, cells were treated with different Calendula species (CM, CF, CI, and CA)
extracts. The extracts were dissolved in ethanol and utilized at varying concentration ranging from
2.4–24 µg/mL in the medium, with a final solvent concentration of 0.1% (v/v). Cells were exposed for
24 h, to individuate the adequate concentration of compounds that does not determine significant
toxicity, useful to realize experiments of induction of oxidative stress.
The effects associated with the treatment of cells with ethanol alone, on HS-68 cells, were previously
assessed as routinely procedure in the lab, and it was demonstrated that the selected percentage of the
vehicle did not exert any effects on cell vitality [39,43].
After the individuation of the range of concentration that does not induce significant cell mortality,
cells were again seeded on 96 well plate; a set of samples represented the control (Co) and were
maintained only with culture medium; a subset of samples were treated with concentration 24 µg/mL
of Calendula; additional wells were treated with the antioxidant NAC, that inhibits oxidative stress
formation [39,43,44]; another set of samples were not treated with Calendula extracts, but only with
the inducer of oxidative stress (HP). After 24 h, all samples, except the control, were exposed to the
chemical promoter of oxidative stress, hydrogen peroxide (50 µM) according to a previous standardized
protocol [39,43,44], and left to incubate at 37 ◦C for 2 h. The vitality of cells was measured using the
MTT method according to Mosmann [45]. Results were expressed as percentage of viable cells in
respect to the control. Each experiment of viability was carried on in triplicate.
2.5. Statistical Analysis
Statistical differences were evaluated for each parameter with analysis of variance (ANOVA).
The differences among the mean values were assessed using the Student–Newman–Keuls or Games
Howell test, depending on the homogeneity of the variables test. The homogeneity of variance was
confirmed by the Levene test. The significance level was 95% in all cases (p < 0.05). All the data were
analysed by the computer application SPSS for Windows® (version 20.0, SPSS Inc., Chicago, IL, USA).
3. Results and Discussion
3.1. Extraction and Evaluation of Antioxidant Power
Only scarce information is known about the antioxidant capacity and other therapeutic properties
of the species analysed in this work, as most of the currently published research concerns C. officinalis;
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the only species for which some data are available is the widespread CA [10,46], whereas the results
here presented for CM and CF are the first available for those taxa, as far as we know. Including CA
(for which other data are available), the (up to now) un-investigated CM and CF, and their hybrid CI
makes it possible a useful comparison also with previously published data. Figure 1 shows the yield
of extraction obtained from the matrix of dried leaves of different species of Calendula, comparing
different solvents. It has been observed that the solvent with the highest extraction efficiency is
ethanol 80% for all species with values ranging from 21.27 ± 0.19 (g/100 g) (CM) to 28.16 ± 3.24
(g/100 g) (CI). Significantly lower yields were obtained with SFE, SFE with co-solvent (SFE CS) and
with n-Hexane. The extraction yield and antioxidant activity of plant extracts strongly depend on
the polarity of the solvent, which determines both qualitatively and quantitatively the antioxidant
compounds extracted [9,32].
Appl. Sci. 2019, 9, x FOR PEER REVIEW 6 of 14 
know. Including CA (for which other data are available), the (up to now) un-investigated CM and 
CF, and their hybrid CI makes it possible a useful comparison also with previously published data. 
Figure 1 shows the yield of extraction obtained from the matrix of dried leaves of different species of 
Calendula, comparing different solvents. It has been observed that the solvent with the highest 
extraction efficiency is ethanol 80% for all species with values ranging from 21.27 ± 0.19 (g/100 g) 
(CM) to 28.16 ± 3.24 (g/100 g) (CI). Significantly lower yields were obtained with SFE, SFE with 
co-solvent (SFE CS) and with n-Hexane. The extraction yield and antioxidant activity of plant 
extracts strongly depend on the polarity of the solvent, which determines both qualitatively and 
quantitatively the antioxidant compounds extracted [9,32]. 
In the literature, it has been observed that the highest yields are usually obtained with ethanol, 
methanol, and their mixtures with water [32]; similar results have been observed on C. officinalis, 
where the methanolic and ethanolic extracts for the antioxidant analysis have shown the highest 
efficiency for the selective isolation of these compounds from this species [21,46,47]. Ercetin et al. [48] 
reported similar efficiency for the extracts of leaves and flower for CA. 
The most commonly used solvents are water and ethanol due to their low toxicity and high 
extraction efficiency. The main disadvantage of aqueous extraction is the low yield of low-polarity 
antioxidants or fat-soluble antioxidants such as carotenoids [32]. In our work, it has been observed 
that the yield of the aqueous extract has been significantly lower than the hydroalcoholic extract 
(Figure 1); for this reason, it is appropriate and advantageous to modulate the polarity of the solvent 
using ethanol/water mixtures in different ratios [32]. 
 
Figure 1. Yield (g/100 g) determined on the matrix of dried leaves of four Calendula taxa (CM: C. 
maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis), extracted with different 
solvents (Results of the statistical analysis are shown in Supplementary Table S1). 
Even if the yield with SFE was lower than the yield obtained with other solvents, the use of this 
technique allows to obtain of a solvent-free extract, since CO2 is used as a supercritical fluid [9,49]. 
CO2 is a gas at room temperature, so once the extraction is completed and the system decompressed, 
a substantial elimination of CO2 is achieved without residues, yielding a solvent-free extract [33,50]. 
3.1.1. Total Phenolic Content 
The experimental results, presented in Figure 2, showed that the highest content of phenolic 
compounds was recorded in the ethanol 80% leave extracts of CA and CF. This outcome was 
expected as ethanol is a very efficient solvent for antioxidant extraction; in fact, there is a certain 
correlation between polarity and polyphenolics extraction yield. Instead, for extracts obtained with 
SFE, a lower content of polyphenols related to the yield is observed. 
As expected, the hybrid CI shows intermediate values between the two parents, CM and CF. 
Figure 1. Yield (g/100 g) determined on the matrix of dried leaves of four Calendula taxa (CM:
C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis), extracted with different
solvents (Results of the statistical analysis are shown in Supplementary Table S1).
In the literature, it has been observed that the highest yields are usually obtained with ethanol,
methanol, and their mixtures with water [32]; similar results have been observed on C. officinalis, where
the methanolic and ethanolic extracts for the antioxidant analysis have shown the highest efficiency
for the selective isolation of these compounds from this species [21,46,47]. Ercetin et al. [48] reported
similar efficiency for the extracts of leaves and flower for CA.
The most commonly used solvents are water and ethanol due to their low toxicity and high
extraction efficiency. The main disadvantage of aqueous extraction is the low yield of low-polarity
antioxidants or fat-soluble antioxidants such as carotenoids [32]. In our work, it has been observed
that the yield of the aqueous extract has been significantly lower than the hydroalcoholic extract
(Figure 1); for this reason, it is appropriate and advantageous to modulate the polarity of the solvent
using ethanol/water mixtures in different ratios [32].
Even if the yield with SFE was lower than the yield obtained with other solvents, the use of this
technique allows to obtain of a solvent-free extract, since CO2 is used as a supercritical fluid [9,49].
CO2 is a gas at room temperature, so once the extraction is completed and the system decompressed,
a substantial elimination of CO2 is achieved without residues, yielding a solvent-free extract [33,50].
3.1.1. Total Phenolic Content
The experimental results, presented in Figure 2, showed that the highest content of phenolic
compounds was recorded in the ethanol 80% leave extracts of CA and CF. This outcome was expected
as ethanol is a very efficient solvent for antioxidant extraction; in fact, there is a certain correlation
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between polarity and polyphenolics extraction yield. Instead, for extracts obtained with SFE, a lower
content of polyphenols related to the yield is observed.Appl. Sci. 2019, 9, x FOR PEER REVIEW 7 of 14 
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Figure 2. Total phenolic content (mg GAE/g) in extracts obtained from dried leaves of four Calendula
taxa (CM: C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis), with different
solvents (Results of the statistical analysis are shown in Supplementary Table S2).
As expected, the hybrid CI shows intermediate values between the two parents, CM and CF.
3.1.2. 1-Diphenyl-2-picrylhydrazyl (DPPH) Assay
DPPH radical scavenging activity is one of the available tests used for estimating the antioxidant
activity of natural products [42,51]. The results (Figure 3) showed that ethanol 80% extracts have the
highest antioxidant activity. Among the different species analysed, CF and CA are the two species that
show the highest antioxidant activity displaying the lowest values of IC50, followed by CI and CM.
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Figure 3. DPPH radical scavenging activity (IC 50, mg/mL) determined in extracts obtained from dried
leaves of different Calendula species (CM: C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida);
CA: C. arvensis), with different solvents (Results of the statistical analysis are shown in Supplementary
Table S3).
N-hexane, which is the least polar solvent, has a low extraction yield and moderate activity as
a percentage of DPPH inhibition, while ethanol 80%, which was slightly more polar, was the best
extraction solvent. In this case the more polar solvents, such as water, did not demonstrate high
antioxidant activity.
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Extracts obtained with SFE (Figure 2) showed high antioxidant activity, in particular CM extracted
with SFE showed better antioxidant activity with IC50 value (2.84 ± 0.37) significantly lower than the
IC50 of the ethanol 80% extract (3.81 ± 0.16).
3.1.3. Reducing Power
The reducing power supports the antioxidant activity, and it is linked to the presence of reducing
agents that, through the donation of a hydrogen atom to free radicals, convert them into stable
compounds, breaking the oxidizing chain reaction [51]. In the reducing power assay, the results
are expressed as EC50/mg extract, where EC50 value (mg mL−1) is the effective concentration of the
extract at which the absorbance was 0.5. The results presented in Figure 4 corroborate the previous
results; in fact, a greater reducing activity is observed for the samples extracted with ethanol 80% and,
among these CA and CF, are the two with the best performance. The SFE extracts showed a high
reducing activity, in particular for the species CA and CF the values of EC50 are similar to the ethanol
80% extracts.
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Figure 4. Reducing power (EC50, mg/mL) determined in extracts obtained from dried leaves of different
Calendula species (CM: C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis),
with different solvents (Results of the statistical analysis are shown in Supplementary Table S4).
3.2. Protective Effect of Calendula Spp. Extracts in Fibroblast Cell Line HS-68 Exposed to Oxidative Stress
After the preliminary evaluation of the antioxidant activity, the extracts made in ethanol 80%, SFE,
and SFE CS were selected for the test vitro. The viability of human skin fibroblasts cells (HS68) was
determined in order to evaluate the cytotoxicity of extract of Calendula. Figure 5 shows the response
of the fibroblast cells to increasing concentrations of Calendula extract with ethanol 80%, SFE, and SFE
CS (Figure 5). Results are expressed as a percentage of vitality cells in respect to the control (cells with
no treatment). Concentrations between 2.4–24 µg/mL does not exert a significant effect on the viability
after 24 h of treatment compared with control (Co) (Figure 5). These results support the observations
of Matysik et al. [52], who showed that Calendula extract in small concentrations can stimulate the
proliferation of human fibroblasts.
The experiment of induction of oxidative stress was carried with higher concentration of Calendula
for all species, which does not induce significant toxicity. Figure 5 shows that the exposure of cells to a
well-known concentration of Hydrogen Peroxide (HP) able to induce toxicity in this cell line [39,43,44]
determined a significant decrease of vitality, calculated by MTT test (p < 0.05).
At 24 h post treatment, the concentration 24 µg/mL obtained from of ethanol 80%, SFE, and SFE
CS extracts of Calendula (CF, CI, and CA) shows a protective effect comparable to the effect induced by
the synthetic antioxidant N-acetilcysteine (NAC) (Figure 6).
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Figure 5. Percentage of vitality of HS68 fibroblast cells, determined by MTT (each data is presented as
mean ± SD; n = 12). Cells treated with different extracts of Calendula (ethanol 80%, SFE and SFE CS)
for 24 h to concentrations 2.4, 12, and 24 µg/mL (0.1% < ethanol). Co = control (no treatment); CM:
C. maritima; CF: C. suffruticosa subsp. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis.
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Figure 6. Effect of Calendula extract on fibroblast cells exposed to oxidative stress, induced by H2O2
Co = control cells; HP = cells treated only with HP hydrogen peroxide, without extracts; NAC = cells
pretreated with the synthetic antioxidant NAC and then exposed to HP; CM = cells pretreated with
different extracts of C. maritima and then exposed to HP; CF = cells pretreated with different extracts of
C. suffruticosa subsp. fulgida and then exposed to HP; CI = cells pretreated with different extracts of
C. hybrid (maritima × fulgida)and then exposed to HP; CA = cells pretreated ith different extracts of
. arvensis and then exposed to HP. Lowercase letters indicate significant differences (a, b, c: p < 0.05)
according to the a alysis of variance (ANOVA).
The results indicate that these extracts (CF, CI, and CA) exerted a protective effect against oxidative
damage, scavenging hydrogen peroxide, hydroxyl radicals, and superoxide anions. The treatment
with H2O2 induces superoxide production on the mitochondria and metal ions such as Fe2+ or Cu2+
reduce H2O2 to hydroxyl radicals [53].
4. Conclusions
The polarity of the solvent influences the extraction yield and antioxidant activity both qualitatively
and quantitatively. Studies on horseradish have shown that thanol/water extracts show a better yield
than the aqueous extract [39]. In additi n, a study conducted on grape pomac showed that in ethanol
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extracts the concentration values of polyphenols were about twice in respect to those found in water;
furthermore, ethanol extracts showed the highest DPPH radical scavenging activity [32].
In our work, it has been observed that the various species of Calendula show a high antioxidant
activity due to their content in polyphenols and that the use of hydroalcoholic solvents, such as ethanol
80%, allows to obtain a better yield and a more efficient extraction of polyphenols.
The results of the DPPH test and the reducing power indicated that the hydroalcoholic extract has
a greater antioxidant power than the extracts obtained with solvents of different polarities and with
SFE, due to the content of polyphenols. Moreover, among the various species analysed, CF and CA are
those that show a greater antioxidant activity. The in vitro tests confirm the antioxidant properties and
the protective effect of Calendula (CF, CI, and CA) extracts with ethanol 80%.
Although the best yields have been observed with the ethanol 80% extract, the SFE extract
shows antioxidant activity similar to the extract obtained in ethanol 80%, so given its eco-friendly
characteristics and absence of use of solvents, it seems to be a promising technique for the sustainable
production of Calendula extracts to be directed to local niche productions.
Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/9/21/4627/s1,
Table S1: Statistical analysis performed on the yield (g/100g) determined on the matrix of dried leaves of four
Calendula taxa (CM: C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis), with different
solvents; Table S2: Statistical analysis performed on total phenolic content (mg GAE/g) in extracts obtained from
dried leaves of four Calendula taxa (CM: C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis),
with different solvents, Table S3: Statistical analysis performed on DPPH radical scavenging activity (IC 50, mg/ml)
determined in extracts obtained from dried leaves of different Calendula species (CM: C. maritima; CF: C. fulgida;
CI: C. hybrid (maritima fulgida); CA: C. arvensis), with different solvents, Table S4: Statistical analysis performed on
reducing power (EC50, mg/ml) determined in extracts obtained from dried leaves of different Calendula species
(CM: C. maritima; CF: C. fulgida; CI: C. hybrid (maritima × fulgida); CA: C. arvensis), with different solvents.
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